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Callus growth and subsequent root formation were obtained 
from radicle starting material using kinetin or [2-isopentenyl] 
adenine and 2,4-0. Substituting NAA for 2,4-0 resulted in 
poor callus growth and no root formation. Gibberellic acid, 
c-AMP and c-GMP as supplements tended to reduce callus 
growth. When KN03 and NH4 N03 of the Murashige and 
Skoog medium were replaced by ammonium citrate as nitro-
gen source no callus growth was observed. 
Kallusgroei en daaropvolgende wortelvorming is uit radikula 
as aanvangsmateriaal verkry wanneer kinetien of [2-isopen-
teniel] adenien en 2,4-0 gebruik is. Swak kallusgroei en geen 
wortelvorming is verkry wanneer 2,4-0 met NAS vervang is. 
Gibberelliensuur, c-AMP en c-GMP as aanvullings het geneig 
om kallusgroei te verminder. Indien KN03 en NH4N03 van die 
Murashige en Skoog-medium met ammoniumsitraat as stik-
stofbron vervang word, is geen kallusgroei waargeneem nie. 
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The improvement of the large-seeded legume, Phaseo/us 
vulgaris, an important crop plant, via genetic engin-
eering of single cells and subsequent regeneration of 
transformed plants has been hampered due to a lack of 
suitable regeneration procedures. Plant regeneration 
amongst the legumes in general seems to be trouble-
some. However, seed legumes are less likely to undergo 
plant regeneration than forage legumes. According to 
Flick et al. (1983) 25 legume species have been 
regenerated in vitro. In most cases regeneration was at 
low frequency or limited by the source of explants. Most 
of the seed legumes had a higher tendency towards root 
formation than shoot formation. 
To the best of our knowledge the only report on plant 
regeneration from callus cultures of P. vulgaris was that 
of Crocomo et al. (1976), who obtained a very low 
success rate (0.5%) after employing a bean extract as 
additive . Martins & Sondahl (1984) claimed that their 
callus cells from P. vulgaris formed immature embryo-
genic cells and somatic embryos which failed to develop 
on transferring to a solid medium. Root formation by 
callus cultures of beans was reported by Haddon & 
Northcote (1976). McClean & Grafton (1989) obtained 
organogenesis from cotyledonary node tissue of bean 
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seedlings. However, they did not obtain callus tissue in 
their experiment. 
Fairly recently , plant regeneration from callus cultures 
of several soybean genotypes via em bryogenesis and 
organogenesis has been reported (Barwale et al. 1986). 
The aim of this study was to stimulate plant regener-
ation from callus cultures of P. vulgaris, particularly in 
view of the possible future transformation of this plant. 
The callus cultures from P. vulgaris, which were used 
as starting material in experiments 1 and 2 (Table 1) 
were obtained from Dr T. Goldberg, Hebrew University, 
Jerusalem and grown on agar containing MS-medium 
(Murashige & Skoog 1962) with growth regulators 2,4-D 
(2,4-dichlorophenoxyacetic acid), 0 .5 mg I-I; 4-CPA (4-
chlorophenoxyacetic acid), 20 mg I-I; NTA (nitrilo-acetic 
acid), 40 mg I-I and KIN (kinetin), 0.1 mg tl. The callus 
culture had been routinely transplanted monthly for 
about 3 years before it was used in experiments 1 and 2 
(Table 1). The culture medium used in this study (Table 
1, experiments 1 and 2) consisted of MS-medium 
containing agar. The concentrations and types of growth 
regulators and other chemicals used, are depicted in 
Table l. 
The starting plant material used for experiments 3 and 
4 (Table 1) was aseptic excised radicles of beans. Seeds 
of P. vulgaris var. Top Crop were sterilized by treating 
with 70% ETOH for 5 min, followed by 10 min in 3.5% 
NaOCl (commercial bleach). The seeds were then 
washed with three portions of sterile distilled H 20 and 
left to imbibe sterile H 20 for 3 h, before the radicles 
were aseptically removed . The excised radicles were 
placed on agar nutrient (MS) medium. The concentra-
tion and types of plant growth regulators used, are 
depicted in Table 1. 
All cultures were kept in a growth chamber at 25°C 
and light intensity of 67 f.LE m-2 s- I supplied by gro-Iux 
and cool-white fluorescent tubes. The light intensity was 
measured with a LI-COR spherical quantum sensor. 
In experiments 1 and 2 (Table 1) no root formation 
was evident. It should be kept in mind that this callus 
material was kept in vitro for at least 3 years before being 
used in this experiment. According to Malmberg (1979) 
certain genetic lines of the legume , Pisum sativum lost 
their regeneration ability after only a few months. 
Treatment 1 (1 mg I-I NAA and 0 .5 mg 1-1 BA) of 
experiment 1 (Table 1) gave best callus growth in 
addition to chlorophyll formation. The additives c-AMP 
and c-GMP seem to inhibit callus growth. In experiment 
2 chlorophyll formation and best callus growth was 
obtained in treatments 1, 3, 7 and 8 where KIN only and 
NAA or 2,4-D were used at the concentrations indica-
ted . Treatment 8 received 5 mg I-I GA3 additionally. 
Except for treatment 8, the general impression is that 
GA3 had a detrimental effect on callus growth. A low 
auxin-to-cytokinin ratio also seems to have an inhibitory 
effect on callus growth . Haddon & Northcote (1976), 
however found that bean calli were induced to form 
roots and vascular nodules by lowering the ratio of auxin 
to cytokinin. Under certain conditions GA also had a 
stimulatory effect on tissue differentiation of their bean 
calli . 
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Table 1 Growth responses of calli and radicles from Phaseolus vulgaris L. towards different treatments with 
growth regulators and cyclic nucleotides 
Growth regulators (mg I-I) 
Auxins Cytokinins Gibberellic Auxin: 
Additives 
(mg I-I) 
Response 
Experimental 
no. 
Plant 
material 
Treatment __________ _ acid 
GA3 
cytokinin _____ _ Root 
2 
3 
4 
Callus 
(ca. 3 yrs old) 
Callus 
(ca. 3 yrs old) 
Radicle 
3-h 
imbibition 
Radicle 
3-h 
imbibition 
no . 
I 
2 
3 
4 
5 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
2 
3 
4 
5 
6 
2 
3 
4 
5 
2,4-0 NAA KIN BA 2iP 
2 
2 
0.2 
0.2 
0.2 
1 
2 
0.5 
0.5 
0.5 
0.5 
20 
2 20 
0.2 30 
0.2 30 
0.5 
0.5 
20 
20 
30 
30 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
5 
5 
5 
5 
5 
5 
ratio c-AMP c-GMP Callus growth formation 
2 
2 
2 
2 
2 
2 
2 
0. 1 
0.1 
0.007 
0.007 
2 
2 
0.1 
0.1 
0.007 
0.007 
2 
2 
2 
2 
2 
2 
2 
2 
2 
I 
0.2 
0.2 
0.2 
0.2 
0.2 
+++++(G) 
++++ 
+++ 
++ 
+++ 
+++++(G) 
++++ 
+++++(G) 
+++ 
+++ 
+++ 
+++++(G) 
+++++(G) 
++++ 
+++ 
+++ 
++ 
++++ 
++ 
++++ 
+ 
+++++ 
+++++ 
++++ 
++++ 
++++ 
+ 
+++++ 
+++++ 
++++ 
5 replicates of each treatment in experiments 1 and 2 , and 4 replicates of each treatment in experiments 3 and 4. For each replicate 5 pieces of 
starting material were used. 2,4-0 = 2,4-dichlorophenoxyacetic acid; NAA = I-naphthalene acetic acid; KIN = kinetin ; BA = 6-
benzylaminopurine; 2iP = [2-isopentenyIJadenine; GA3 = gibberellic acid ; c-AMP = cyclic adenylic acid; c-GMP = cyclic guanylic acid; number of 
+'s is proportional to callus size and quantity of root formation; (G) = green. 
In experiment 3 (Table 1) the auxins and cytokinins 
were used at constant concentrations and auxin-to-
cytokinin ratios. Only the types of auxins and cytokinins 
were varied and the starting material was fresh radicles. 
The effect of the starting material source when NAA was 
used is illustrated by treatments 1 and 2 of experiments 1 
and 3. In existing calli (experiment 1) growth was 
stimulated while in radicle material (experiment 3) calli 
were not initiated. Root formation from callus only 
occur when 2,4-D was used as auxin and at auxin-to-
cytokinin ratios 2 and 1 (Table 1, experiment 3: treat-
ments 3 and 6 and experiment 4: treatments 2, 3 and 4) 
(see also Figure 1). It also seems that an auxin-to-
cytokinin ratio of 1 was less effective than 2. Kinetin and 
2iP in combination with 2,4-D gave better callus growth 
and root formation than BA in combination with 2,4-D 
(Table 1, experiment 3: treatments 3, 4 and 6). Although 
Haddon & Northcote (1976) obtained root formation 
from callus cultures of P. vulgaris, they used hypocotyl 
starting material together with NAA (1 mg I-I) and KIN 
(0.2 mg 1-1). In our experiments we were unable to obtain 
root formation on NAA (1 mg I-I) and KIN (0.5 mg 1-1) 
(Table 1, experiments 3 and 4: treatment 1). 
Christianson et al. (1983) found that the replacement 
of the two nitrogen salts of the MS medium by 
ammonium citrate helped to obtain a morphogenetically 
competent culture of soybean. In our investigation no 
callus formation was obtained from bean radicles by this 
procedure (results not shown). Crocomo et al. (1976) 
were able to obtain plant regeneration via callus material 
at an unacceptably low success rate (0.5%) using bean 
leaf tissue as starting material, the 67V salt solution and 
vitamins of Veliky & Martin (1970), 2 mg I-I IAA 
(indole-3-acetic acid), 1 mg 1- 1 NAA, 0.2 mg I-I KIN and 
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Figure I Demonstration of root formation from callus tissue 
obtained from bean radicles (experiment 4, no. 2 of Table 1). 
bean extract as additive. We were however unsuccessful 
when applying their procedure with radicle as starting 
material. 
The importance of genotype and explant source is 
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evident when our results are compared with those of 
Crocomo eta!. (1976) and Haddon & Northcote (1976). 
Although we have not succeeded in obtaining plant 
regeneration in beans we believe that the conditions we 
have created for successful root formation from calli are 
a good foundation for further research. 
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